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irwoiii uitrurl l[Ut under the onvironmental loading conditions given. Thw
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,;il ri t( tIIt.%to.
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lid1 l.J.,r.,d at #i Lr-ux slope of I to 7. The structure is to be designed for a

&-,tlegr depth of 84 timt (MLW). The anchoring of the structure is to be

lf.li.ved by ditlving pile* through the jacket logs into the seabed. Securing

#if L ho jacIkl: is thus accomplished by welding of shim plates along the annulus

lboAween Uov Ja(ckat leg and piling at the top of the jacket legs. A

.,tiperstrLicLurw conisting of an equipment deck and a top deck will be

t0isLall&d to the piling above the jacket. A boatlanding is to be furnished

with the jackwt. A set of stairways attached td the superstructure shall he

fiirnishwd to prorvide connections among the boatlandingg equipment deck and .10Y

( .deck.



IP

STRUCTURAL~ CONCEPT ANALYSIS REPORT

:fORTHEI EAST'COAST AIR-COMBAT MANEUVERING RANGE

OFFSHORE KITTY HAWK, NORTH CAROLINA

CONTRACT NO. N62477-76-C-0179

REPORT NO. 27-771-92

APPENDIX B. FOUR-PILE CONCEPT CALCULATIONS

SPrepared for

NAVAL FACILITIES ENGINEERING COMMAND
DEPARTMENT OF THE NAVY

CHESAPEAK DIVISION

By

CREST ENGINEERING, INC.
TULSA,, OKLAHOMA

Ma~y .1976



TABLE OF CONTENTS

SECTION TITLE PAGE

1.0 INTRODUCTION

1.1 Introduction 1.01
1.2 Design Criteria 1.02S1.3 Design Assumptions 1.05

1.4 Procedures of Analysis 1.06
1.5 Design Sunmary 

1.07
1.6 Personnel Resumes 1.09

2.0 GRID WAVE DATA

2.1 Introduction°  2.01
2.2 WavePressures 2.02
2.3 SEALOAD Results 2.062.4 Wave Cheek 2.12

3.0 BASE SPACING vs. PILING CAPACITY

3.1 Introduction 3.01S3.2 Loading on Structure 3.02
! 3.3 Graph - Pile Capacity to Base Spacing 3.07

4.0 STRUCTURAL STEEL WEIGHT VARIATION

4.1 Introduction 4.01
4.2 Jacket Bracing Lengths 4.03
4.3 Jacket Leg 4.08
4.4 Piling 4.09

I 4.5 Total Weignt of Structure 4.13

* 5.0 STRUCTURAL CONFIGURATION

5.1 Introduction 5.01
5.2 Jacket 5.02
5.3 Superstructure 5.08
5.4 Deck Layouts 5.09

6.0 50 FT JACKET BASE SPACING
6.1 Introdvction 6.01
6.2 Idealized Structure 6.02

A

jV



TABLE OF CONTENTS (continued)

"' SECTION TITLE PAGE

6.3 Wind and Wave Directions 6.15
6.4 SEALOAD Computer Run 6.16

7.0 60 FT JACKET BASE SPACING

7.1 Introduction 7.01
7.2 Idealized Structure 7.02
7.3 Wind and Wave Direction 7.09
7.4 SEALOAD Results 7.10

8.0 BOATLANDING

8.1 Introduction 8.01
8.2 Idealized Structure 8.02
8.3 SEALOAD Results 8.03

9.0 STAIRWAY

9.1 Introduction 9.01
9.2 Idealized Structure 9.02
9.3 SEALOAD Results 9.03

10.0 LATERALLY LOADED PILE CAPACITY

10.1 Introduction 10.01
10.2 Data Preparation 10.02
10.3 Pile Design 10.07
10.4 Laterally Loaded Pile Results 10.11
10.5 Equivalent Pile Properties 10.12

11.0 LOADINGS

11.1 Introduction 11.01
11.2 Data Preparation 11.02
11.3 Loadings 11.03

12.0 SPACE FRAME ANALYSIS

12.1 Introduction 12.01
12.2 Deflections 12.02

K I I II I I I I I I | I II I I I II



TABLE OF CONTENTS (continued)

SECTION TITLE PAGE

12.3 Unity Check 12.03
12.4 Overstressed Members 12.04
12.5 Final Structure Configuration 12.07

13.0 CORROSION PROTECTION AND
STRUCTURAL STEEL WEIGHT

I 13.1 Introduction 13.01
13.2 Areas to Consider 13.02
13.3 Member Length 13.03
13.4 Area and Weight Takeoffs 13.07
13.5 Painting and. Anodes 13.15
13.6 Weight Totals 13.16

EXHIBIT A

Laterally Loaded Pile Capacity

EXHIBIT B

STRAN - Space Fram Analysis

I'
j i

A -



SECTION 1

INTRODUCTI6,

1.1 INTRODUCTION

This report is a study of a four-pile templet type offshore structure.

It constitutes a portion of the total project report on the structur31

concept analysis of an ocean structure for the:U.S. Navy Air Combat

Maneuvering Range (ACMR) offshore North Carolina, U.S.A.

The objective of this report is to establish the most efficient

four-pile ocean structure under the environmental loading conditions

given. The conditions are the same as those used in the previous

design of skirt-pile structures.

The four-pile structure is similar to standard templet type structures

used by the oil industry. It has four similar faces with equally

spaced jacket legs battered at a true slope of 1 to 7. The structure

is to be designed for a water depth of 84 feet (MLW). The anchoring

of the structure is to be achieved by driving piles through the

jacket legs into the seabed. Securing of the jacket is then accomplished

by welding of shim plates along the annulus between the jacket leg

and piling at the top of the jacket legs. A superstructure consisting

of an equipment deck and a top deck will be installed to the piling

above the-jacket. A boatlanding is to be furrished with the jacket..

A set of stairways attached to the superstructure shall be furnished

to provide connections among the boatlanding, equipment deck and

the top deck.

V1.01



1.2 DESIGN CRITERIA

Design criteria presented herein serve as guide lines in the con-

ceptual development of the proposed four-pile structure. These

criteria are listed as follows:

A. Environmental Criteria

MLW Depth 84 ft

Storm Wave Height 62 ft

Storm Wave Period 12 sec

Maximum Storm Tide 10 ft

Maximum Astronomical Tide 4 ft

Maximun Current (for full depth) 5.4 ft/sec

Wind Velocity 150 Knots @ (+)30 ft

The approach of the storm wind and waves can be from any

direction.

B. Foundation Criteria

(1) The basis for the foundation design is a McClelland

report to Cubic Corporation entitled "Foundation In-

vestigation East Coast ACMR Ocean Structures, Volume

I". The soil information to be used in this analysis

is one boring at Site No. 1 in the aforementioned re-

port.

(2) Due to the nature of the sea bottom, and sea bottom

currents, scouring of 5 feet below mudline will be

used in the preliminary piling design to develop the

1.02
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theoretical soil resistance to laterally applied loads.

Izt
C. Live Loads

The live loads shall be as follows:

Equipment Deck 150 psf

Top Deck 100 psf

The loads shall be distributed uniformly over the entire

deck areas.

D. Materials

All structural shapes or fabricated tubular goods are as-

sumed to be ASTM A-36 or equal.

E. Corrosion Protection

(1) All portions of the platform above elevation (-)4' - 0"

C shall be painted.

(2) All main structural members located within the splash

zone shall have an extra 1/2 inch of sacrificial steel

added to their wall thickness. This can be in the

form of extra wall thickness or a 1/2 inch steel plate

wrap.

(3) The portion of the platform below elevation (-)4' - 0"

will be protected by cathodic protection. This will

be provided by sacrificial anodes having a theoretical-

ly expected life of ten years.

1.03
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The criteria employed for determination of structural

acceptability are specified by the documents:

* (a) Specification API RP 2A, Recommended Practice

for Planning, Designing and Constructing Fixed

Offshore Platforms, 7th Edition, American Pe-

troleum Institute, Dallas, Texas, 1976.

1N
(b) Manual of Steel Construction, 7th Edition, Amer-

ican Institute of Steel Construction, New York,

N.Y., 1969.

..
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1.3 DESIGN ASSUMPTIONS

Some assumptions to be used in this analysis are listed as follows:

True batter of piling and jacket leg 1:7

Equipment deck area 500 sq ft

Top deck area 1,200 sq ft

Spacing between decks 15 ft

1.05



1.4 PROCEDURES OF-ANALYSIS

The grid wave data from the skirt-pile structures design is coded to SEALOAD

in Section 2 for loading of the structure. This is again used in Sections

6 and 7 of this report.

In order to find the most economical structural member sizes relating

selected jacket base spacings to required piling capacities are shown in

Section 3. The graphs and formulas derived are used to produce tables

relating jacket base spacing to steel weight in Section 4.

A jacket base spacing of 50 ft was then chosen together with preliminary

member sizes in Section 5 and sketches were proposed. Section 6 shows the

idealized structure with designated joint and member numbers and also the

results of the SEALOAD loadings on the structure. Analyzing the results of

the loading together with the penetration required for the piles, it was

107 decided that another SEALOAD run should be made to determine the loading to

the pile using a 60 ft jacket base spacing (Section 7). A SEALOAD run was

also made on the boatlanding (Section 8) and stairway (Section 9) to provide

the additional wind and wave forces to the structure.

ji The pile sizes and lengths are proposed in Section 10 of this report. The

piles are then analyzed to ensure sufficient lateral load carrying capacities.

The loading conditions on the structure are detailed in Section 11 and the

L, final STRAN run was made to check the integrity of the entire structure.

The results of the STRAN run are shown in Section 12. Section 13 is the

final area and weight take-offs for pricing.

1.06



1.5 DESIGN SUMMARY

Some of the more significant results from the analysis are summarized as
'(ll .follows:

Environmental Forces:

Total wind and wave forces
(Including boatlanding and stairway) 1,350 kips

Total overturning moment
(including boatlanding and stairway) 109,627 ft-kips

Pile-Axial Loads:

Maximum compressive load, 1,712 kips

Maximum tensile load 1,453 kips

Structural Dimensions:

Piling

Outside diameter 36 in.

Penetration below mudline 180 ft

Jacket
Spacing at mudline 50.1 ft

Spacing at work-point level 30.0 ft

Height 101 ft-9 in.

Superstructure

Equipment deck 15 ft x 30 ft

Top deck 35 ft x 35 ft

Structural Steel Weight

Piling 681,620 lbs

1.07



Superstructure 172,000 lbs

Jacket 315,160 lbs

Total weight 1,168,780 lbs
(excluding boat-
landing, stairway
and miscellaneous
i tems)

1.08



1.6 PERSONNEL RESUMES

The personnel whose resumes follow were actively engaged in this

project.
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SECTION 2

GRID WAVE DATA

2.1 INTRODUCTION

This structure is designed to the same criteria as those used to

design the skirt-pile structure. A Crest Engineering program using Stoke's 5th

Order Gravity Wave Theory was used to develop the wave pressure profile for

the given wave. This section codes to Synercom Format the pressure profile

of that wave. 1. 24 in. diameter pipe pile extending from the mudline to

145 ft above mudline was'ijsed to test the final wave grid. A hand analysis

was then computed to test the results from the SEALOAD report. The results

were compatible thus indicating that the grid wave data had been coded

4 properly and was ready for use in the loading of the three-pile and four-

pile structures.

2.01
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SECTION 3

BASE SPACING vs. PILING CAPACITY

3.1 INTRODUCTION

This section uses the forces from the skirt-pile structure to derive two formulas

for the length 'L' of the base of the four-pile jacket as a function of the

axial load on the piling, either tension or compression. This information is

compiled into a graph plotting the base spacing to the required pile compression

and tension capacity. The graph is used in Section 4 to determine the weight of

the total structure as a-function of base spacing. The forces from the skirt-

pile structure are:

Shear V = 1,254.6 kips

Base Moment M = 107,302 ft kips

Total Gravity Load = 450 kips

3.01



CREST OFFSHORE, INC. Sh et 0 .e

8 .. C, . I.. e nt t? Sheet Su b o a _.,:

Dat2T.22 Job No. ~t1 jA . Calculation -Y~

VI

, t /

x.7

;!'. - I I I II i I I I ' -I I I I I I I I I _ _ _ I iI I



.REST OFFSHORE, INC. . . - .. .

By.- Client_....- _ Subjct_# C_, _
Dt Job No. calculation 7....

II

I /

'AllI

>01*



CREST OFFSHORE, INC. Sheet A f

D at Jo0b Noa. it 1112.: C a - CaculIatio I oCN nJ( C j.

LY/

,--'/ -

I I I ,

I: -Il~ '
CO.P$I!

2L V



CREST OFFSHORE, INC. *Of

8 y~ CIi e nt S u b!~/ - j 9 &.t

Dot* Job No. _ - q._L - Calculation

rl 

A

(:2 '-)

-: C s° 44 .. .... .

'AV . z)

ISO,, 1

9. (lotN

@'-

_ .. ,, ,*,= m .,..... ?. =,=.= er==. ,•,,.= .=,..* =,. . . .. . . -Z I--Z''"--"-'. . -TL - -



CREST OFFSHORE, INC. Se
8y. ... .. .... Cl t........ . .. . .. Sheet -

13 n- - - .<+"D te _. 1 A~O ,Job_ _ _ __.._.'I I _ ____ __ __<=, , .:;, _ ..p _ _r-..- .._ _ _

&KDte.'!Ao No. 1-! L Calculation Iv-1,

IRK
C'

1 " , 1 4 ) ,1

I

Y7s7.

i o



gm -
- -.-- - -CREST OFFSHOE 1NC She5t of

ByClient_-)~_~Y 
-Sb~tk~

Dt...A_ '~ Job No. .. 2 2~ Z calculation t:

~f -4-- -

"-4- 9-

-'47

-------------- ------------------------------------



SECTION 4

STRUCTURAL STEEL WEIGHT VARIATION

4.1 INTRODUCTION

This section derives formulas and then develops tables to determine the

41 least total weight of a four-pile structure for different jacket base

widt..s at mudline from the given soil conditions and the environmental

foi ces.

The tf.plate type structure has to resist the overturning moment due to the

wind and wave loadings on the structure. The farther apart the jacket legs

are spread the lesser the axial load on the piling will be. However the

horizontal and diagonal bracing lengths will be increased thus requiring

longer and possibly larger members as the slenderness ratio is increased.

As the jacket legs get closer together the axial loads on the pilings

(3 increase thus requiring longer piles.

Section 4.2 determines the total length of horizontal and diagonal members

as a function of the jacket leg spacing 'L' at the mudline. These are

shown in Table 4P4-1. These lengths are multiplied by an assumed unit

brace member weight to provide Table 4P4-2 which gives total weight of

bracing for the different leg spacings chosen.

Section 4.3 computes the total weight of the four jacket legs. This is

assumed to be constant for all leg spacings and is shown in Table 4P4-3.

From inspection it was determined the pilings will have to be driven a

minimum of 150 ft below mudline. Section 4.4 Table ,'o4-4 shows assumed

piling sizes from the top of the jacket to 150 ft below mudline. The

4.01
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additional pile length beyond 150 ft is a function of the required pile

axial load capacity. For a given jacket leg spacing 'L' the required pile

axial load capacity is found from Figure 4P3-1, Section 3, Page 3.07 and

placed in Table 4P4-5. The required pile penetration for the corresponding

pile capatity is found from the graph, Figure 4P4-1 (See the report on

yThree-Pile Structure, Section 2, Page 2.39 for the development of this

graph). After determining the required pile length below 150' penetration

(H) the total weight of the piles as a function of 'L' is computed in Table

4P4-5.

Table 4P4-6 of Section 4.5 adds the weights of the jacket and piling to get

the total weight for each 'L' chosen. The sum of the weights of the superstructure,

boat landings, stairways, etc., was assumed to remain constant. From this

table a jacket leg base spacing of 50 ft is chosen for the actual structural

configuration analysis.

5.
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SECTION 5

STRUCTURAL CONFIGURATION

5.1 INTRODUCTION

With a jacket leg base spacing of 50' choosen from Section 4, the

- structure is drawn showing dimensions and assumed member sizes.

Section 5.2 shows the four (4) faces of the jacket and the jacket

bracing plan at various elevations. The lengths of members are

- computed and their. KL/r ratios established in Table 4P5-1.

Section 5.3 shows a typical elevation of the superstructure.

Section 5.4 computes the preliminary deck beam sizes for both upper

and lower decks.

1 5.01
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SECTION 6

AU 50 FT JACKET BASE SPACING

6.1 INTRODUCTION

The idealized structural model is shown in Section 6.2 with the

joint numbers, member numbers and directions. In order to simulate

the behavior of the platform structure, fictitious wishbone members

are introduced to connect the jacket leg joints and the piies.

These members are coded not to take any wave forces. They will be

ignored by SEALOAD but'are necessary for STRAN. The dead load

report from SEALOAD will, however, include weights for the wisl;bones

which will have to be subtracted out for the computations of the

laterally loaded pile.

Section 6.3 gives the direction of wave and wind loading data.
k

All information was coded on keypunch forms, cards were punched and

assembled with the cards from Section 2 'Grid Wave Data' to form a

rcomplete SEALOAD deck. A computer run was made and the results

saved on a tape. Section 6.4 shows the input information and the

load summary reports of that run.

6.01
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SECTION 7

60 FT JACKET BASE SPACING

7.1 INTRODUCTION

The moments and horizontal forces from Section 6 (50 FT JACKET

BASE) indicated that the piling would be too long for the pile

driving hammer we originally chose. A SEALOAD run was made by

quickly changing the joint coordinates to model a structure with a

jacket base spring of 60 ft. With the results of that run it was

determined the 60 ft jacket base would not appreciably reduce the

piling lengths and the decision was made to keep the 50 ft jacket

base structure and increase the pile driving hammer size. See

report of the three-pile structure (Appendix C of 27-771-92 Report)

for calculations and discussion of the pile driving hammer.

Section 7.2 shows the plan view only of the computer model as the

elevations will remain the same as the Section 6, 50 ft Jacket Base

model.

Section 7.3 shows wave direction and wind loading.

Section 7.4 shows the results of the SEALOAD run for this structure.

7.01
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SECTION 8

BOATLANDING

8.1 INTRODUCTION

The boat landing was modeled as a separate structure and a SEALOAD run was

made using the same wave and wind characteristics as those specified previously.

The boat landing was attached to the templet between Rows '1' and '2' at

elevations +11 ft and -3 ft from MLW, This section shows the idealized

model for the boat landing structure and the results of the SEALOAD program

run. For simplicity loading conditions for the three-pile structure (see

Report 27-771-92 Appendix C) were also made with this run. Loading #1 is

for wind and wave at a 453 angle to the boat landing to be used with the

four-pile structure. Loading #2 is for wind and wave normal to the boatlanding

and #3 in 1800 from #2, both to be used with the three-pile structure.

8
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SECTION 9

STAIRWAY

9.1 INTRODUCTION

The stairway was modeled as a separate structure also. The stairway was

attached to the superstructure legs between Rows 1' and 121 at elevations

+11 ft and +75 ft from MLW.

This section shows the idealized model for the stairway structure and the

results of the SEALOAD run. Loading #1 is for the four-pile structures

while loadings #2 and#3 a're to be used with the three-pile structure.

9.01
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SECTION 10

LATERALLY LOADED PILE CAPACITY

10.1 INTRODUCTION

Some additional data input into the STRAN Program is "Equivalent Pile"

length, area, and moment of inertia of the piling sections below mudline to

simulate the supports in a more realistic manner. This is done with the

results of the "LATERALLY LOADED PILE" Program* which also checks the

stress in the piles.

Section 10.2 computes the pile top restraint and the shear and axial loadings

to the pile top from the SEALOAD results. Both the 50 ft and 60 ft jacket

base spacings were checked for required pile penetration and it was decided

to use the 50 ft jacket base spacing for the final analysis.

Section 10.3 shows soil data, minimum wall thickness required for pile

driving hammer in accordance with API Recommendations, pile driving resistance

curve, and final thicknesses and lengths of piles chosen.

All information was coded and a LATERALLY LOADED PILE Program run was made.

The whole run is shown in Exhibit A with only the results of that run being

shown in Section 10.4.

Section 10.5 computes the "Equivalent Pile Properties" to be used in the

STRAN run.

* This program is available at Crest Engineering, Inc., Tulsa.

10.01



CREST OFFSHORE, INC.Sht fAL

BY~V C- Client Sub ec-T. 2"' AH&1$ 1

Dote Job No. Calculation ____ __

Tt;I

Aim



CREST OFFSHORE, iNC. SofL

By . . . CIient . ' Sub-. "5 T o_

D o t 12 . Jo b N o. 2 C" C al curat culati o

ITLIt 
V-. 

' ,.- : .T "B"-

.
\.,

.1

Ii  
-~~~17 1I.Q 2, ,,. ..

'A A-- 
?

1.!

• -- • i- i i i ii i I / I i I 1l 

I I II I ii l l l



CREST OFFSHORE, INC.
amIn ~)L L ~- SI ic Sheet -Ln.-Cft .f

Do* - CA Jiob No. ='Ji culculatlion

pvC:

~ ~ -A.(p4. . \

.i- IV

gf

iwrs



CREST OFFSHORE, INC. Sof

By... Client-_-: oot_".L2 (L o. 2-"r_"-L' - Ccijhition -~- ,.-~-,--- -- =
Dae 41:Y - ob No. calulaio

t Ft

'4;

- s- - .' -- e:'7.-/ - -v , dAA

S © ®;bell

M-

7-__ __ _ ..

7/ ,..4: 4.2A,

I,:'. # : ' &.-



CREST OFFSHORE, INC.
Sheet JLLI-yof !1061

Date_''.- :- Job No. Calculation

V\. A

LT -

-t .C alclto-. L _. -

V!,

ALI\!

4-

, .,, .2 .- .-,

io=~~ ~~~ I1'- . j, "t " " V

* * *
"!" =" "/ 1 .

/:° ": p : "L ,

tF,~



CREST OFSHORE, INC. Sheet o _

BY~.~Client_ _1- --

Date§ z~ Job No. C.3JT - - Gc u I at io ft v

C51E~h

Pi c

- -43 q- 
Z

Ci _ ~ O C C coO c0Z

00 0. "

-ZtJt

(~ ~ C O to ~
.- , ;-5 0HNI U)d soNfl01

Li. ' - _ c1'c NI 33NVISIS38 110S '

CKC

r-7a

0 aq

$0 
C, 0'

~ci s~~''i o*
- -- - -- Ulaw

-. 4cj

toSSJV



;i!CREST OFFSHORE, INC.

Sheet z or .

i !lOO °°2OO{ Vdc .,n O 0 Hcav, ,,i-..r-
c I ... w+. - , tA L. su LgS

' / ~W. o ? '1eCapz=4O, zoo ,i33
W+ T_4.-- - ./*. too, Zoo Ls

( It

p~~~~~10 2 00 z~ x T _7,s ~

Ap= 1 .i -3

, A
01



---- --

CREST OFFSHORE, INC. Shee Of -o _

CIient 
Subject I +" +  ,

Date _ +.. +' . Jo b No. C a+ I c+ u..+ I ti

-- I e 1 -) L /Z,&d 4:e rtl~vzd'

E, 19k.

A' 
.A'alulti n .+ 

A¢ '-+A. 
. , +r, .



CREST OFFSHORE, INC.See ' Ko

By A4E- Cl entj _J _ ujetC _:

Date --i(a o No '' 1 1c lc l t o

ULTIMATE 'STA'TIC PILE 0-APACITY kws
ESTIMATE-L) DRVC RESISTAWCEZ, ips

0 00 2000 .600 4000 5000 00

UbI. 4 H~

J.K.

s41mc

Cal,* beO ec

V.-.

al-I" '. :

1V :0
3035

xi3 Ii IL u

36-1wj. DtAvkEek~ P PE- L-E.!



CREST OFFSHORE, INC.

B- ... C.....__ Subject Shet _ L oi 4-_ ' -'

Date .Job No. - Calculation - '

32'

AWA

4.I I I

II ll I / I .
-tc

.- ..



CREST OFFSHORE, INC. seL?±ofIU- .

By - ~~cientJ Subject_* LiL
Date.-4-1CtZ:(IJob No. . i"'_Ccution I

U . ; C

CJ z n c CCQ ;. C51 - 0 C; Ca& ,a a t.a s. C C
a I D XC i.C L T- t :'Qa S ,<-CC r -C -- ' -4

-J ~ ~~~~~~~~~~~ ~~~ ~~~ . .1......!... ,. .

.-. - I

rCO7 " CC 'V C
L> ' n r - 1 ; . - C f r , a i- *.- -:71 -1 iz clj - ). 'C '. tCCC O - - C O C Q C C Csz 0: co f* C .a'1 ,C -C

C. *Z .N - zr a It 11

!a :3 a . t2P1" I u NvV
I I I Ia ! 1 & %

C? r.2 C~C * -- C C C C? C. n C. C, a C)rC( - C a. C .C
a,~~~~~~~~~ ~ ~ ~ ~ ~ ~ ev4 N ,V " - C-I' r K - Z a *I 3r A 7 L )r ,X -

&~CCC C~.C C~ cC ~ C

C i'.CC c .- ,QC C CCCC ,c- 0 C. 0 C.a C _-Q C, 1 CCC4r -

C C C ,C C C C C CC CCC- C C C C--CC oC C cC C 'C'oC 77.27777

a * . !. '4!* .1 r *!

C)C C C C C C L I C. C 'C0CCC .C .CC C- CC -C 'CC C C'x C, tC z -

a: *, * C J '- .t .s a . .a. .~u a . .. .

AD~ C, IC P-~ t-' - *I C-!a ac .a N 0 C C .C C' C. C- C C' C C 0 C C CC V- CC C a'C C C 10 %Z C
0 . C C C C- - C C C CC = C' C' C C0 C C> C. = C . <;C'C C C ' C C C

0 D C, C5 0 t, 41 C

04 rC CCC C C C C 0 C 0C CC C C=C IC V C'CCCCC 46 - 0C C 04 QC-CCC, CC'C ,C

<A ~ ~ ~ ~ ~C C C- Z~ C~ 0l C" C 0 C- C C C CO C C C 10 C C, C -- C~ Qut.u ~~'~.

*I A)4C nNC ?c y&0p

- --~'.- - - - -- - - -

I fA 2 J%*PI. av ft Iu m m P



CREST OFFSHORE, INC. Stfflt" - . ... . . ... .- Sheet I, ; .of Er L_

By 4 ~4 C1lient_
Dae 2±(~J~ob No .9:L- -'12i Calculation

N , Q
-- - AM

- f k Pell,

1\ , 6. 2.

44-2

PL LL P

Al A A+

+\

Pt- L _I|LIi. _

L 4 x
%A

I - _

LIN

-iii i



oy- 7 - Cln- ' 4,v - Subec

. _ _ "NC Sheet -_

Date Joa b N.. H , CI-cuIati 0 n-

Vl x II

\/"L

,.

-Es

r*.KL

CDl,(&

g2~

.. ...... ...... . . .. iI fil i ii i iil ii i ii i i il i i i i iill l



SECTION 11

LOADINGS

11.1 INTRODUCTION

At this point the SEALOAD data update file was used to input the loadings from

the stairway, boatlanding, and decks on the same tape with the structure loading

from Section 5. The combined loading conditions were also input to this tape.

When the final tape had been checked and edited the STRAN space frame analysis

was run. The results of that run can be found in Exhibit 'B' of this report.
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SECTION 12

SPACE FRAME ANALYSIS

12.1 INTRODUCTION
The results of the STRAN space frame analysis, found in Exhibit 'B' of this

report show the four-pile structure with a jacket base spacing of 50 ft to work,

with a few exceptions, for member and pile sizes chosen.

Section 12.2 discusses the differences between the deflection at mudline of the

STRAN run and that of the LATERALLY LOADED PILE run.

Section 12.3 shows all members that have a unity check greater than 1.0. Since

the storm forces which produce these stresses are temporary, all unity checks

less than 1.33 are assumed acceptable. Members with unity checks greater than

1.33 are discussed in 12.4.

£ Section 12.5 shows a typical elevation of the structure with final selected

member sizes.

12.01
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SECTION 13

CORROSION PROTECTION AND STRUCTURAL STEEL WEIGHT

13.1 INTRODUCTION

In order to determine prices for the four-pile structure, area and

weight take-offs are made. Section 13.2 shows areas to consider for painting and

corrosion protection.

Section 13.3 is a copy of the SEALOAD report which shows member lengths.

These lengths are used in the tables of Section 13.4. Each table gives the

weight and area of different sections of the structure. Section 13.5 gives

the totals of all the areas and weights.

13.01
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EXHIBIT A

Laterally Loaded Pile Capacity
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EXHIBIT B

STRAN -Space Fram Analysis
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